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ABSTRACT

INTRODUCTION

Incrementcores and stemanalysesfrom a growth and yield study in naturally
regeneratedpine-hardwoodstandsin thePiedmontwereusedto comparerelative
growthof oaks,pines,andothernon-oakhardwoodson intermediateto xericsites
in that region. Theprimary focusin this paperis on therelativegrowth of on!)
theoakandpinecomponents.Thestemanalysesshowthatpinesearlyin standlift
grow fasterin height thantheoaks(a widely observedresult),reachingan averag~
maximumheight advantageof 20 ft. by an averageageof 32 years. Beyondthb
age,the stemanalysesshowedannualpineheight growth slowing dramatically
falling below therathersteady2 ft. per yearobservedfor theoaksthroughage70
thus reducingtheaveragecumulativedifferenceasthestandsaged. Forexample
by age55,theaverage20-ft. cumulativeheight advantageof pinewas cut in halt
to 9.6 ft. Weshow that oaksattainbasalareagrowthcomparableto that of pine
as early as age15, and thatbeyondage 15, theoak growth advantageincrease
throughstandage70, outgrowingthepinesby 70 percentbetweenages60 and 7C

Pine-hardwoodmixtures are common in thePiedmont physiographicregions
Virginia, North Carolina,South Carolina,and Georgia. Unpublisheddatafroi
the Forest Inventory and Analysis (FIA) Unit of the SoutheasternFore
ExperimentStationshowthat 1/3ofthePiedmontforest—7.1million of22 millic
acres—isin standswhere30 to 90 percentofthetotal basalareais in hardwood
or 10 to 70 percentin pines. Although loblolly pine (Pinus taeda L.) is 8
dominantpinespecies,otheryellow pinespeciesareincluded in theestimates.

On theseintermediateto xeric Piedmontsites, it is well knownthat pine grow
exceedsthat of oaksandotherhardwoodsearlyin standlife. This dramaticp1
growthadvantageis why we oftenheartheseareasdescribedas“pine sites.”
thesametime, oakcoppiceandadvancedregenerationdo well on thesesiteswh
theyarepresentandarenotaggressivelycontrolledduring sitepreparation. Qa
alsooutlivepineson thesedry sites.Barringmajordisturbance,therefore,the0

componentnormally increasesasstandson thesesitesage. in fact, it is comm
on erodedPiedmontsitesfor mortality ofdominantandcodominantpinesto bel
as earlyasage40, thus speedingthecompositiontowardoaks. Jones(1991)in
researchon landscapeecosystemclassification found oaks abundant in
late-successionalstandshe studied in thePiedmont. He also found that the (
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speciesassociationswereindicatorsof a site-qualitygradient. In summary,oaks
regeneratenaturallyandpersiston thesesites. Their survival is site-specific,but
theycangenerallybe thoughtof as well-adaptedto thesesites.

Giventhis suitabilityofoaksfor thesesites,it is logical to askhowwell theygrow
in long rotations relative to pines and non-oakhardwoods. Relativegrowth
dynamicsof thepine,oak, and non-oakspeciesgroupshavenotbeenexaminedfor
sawtimberrotationsof naturally regeneratedmixtures of pines and hardwoods.
Oneobjectiveofamajor studyweareinstalling,andthemajor focusofthispaper,
is to examinethesegrowth dynamics.

METHODS A growthandyield study in naturally regeneratedmixtures ofhardwoodandpine
hasbeeninitiatedto studygrowthdynamics(Lloyd 1991). Fifty circular, 1/5-acre
permanentplots measuredin thefirst phaseof this study form thedatasetfor this
paper. Sampledstandscontainedfrom 93 to 182 sq. ft. of basalareaper acrein
merchantableand unmerchantabletrees, and stand ages rangedfrom 20 to 79
years. Twenty one plots are on the Piedmont RangerDistricts of the Sumter
National Forestand29 areon theClemsonUniversityExperimentalForest.

Diametersatbreastheightweremeasuredon all trees,andmerchantablesizedtrees
(4.6+ in.) were taggedand mappedby azimuth and distancefrom plot center.
Separatesamplesofhardwoodandpine treescoveringthediameterrangeon each
plot wereselectedfor measurementoftotal height. Althoughgrowthandmortality
ultimately will be estimatedby remeasuringthese plots, recent growth was
calculatedfrom incrementcores taken from merchantable-sizedtrees. Radial
growth for the last 5 and 10 yearswas measuredwith a Bannisterincremental
measuringinstrument. Radialgrowthdatawereusedto estimatebasalareaoftrees
5 and 10 yearsprior to plot establishment. Only survivorgrowth canbe studied
in this way.

Ten-yearbasal areagrowth of surviving trees was estimatedas the difference
betweenbasalareaof merchantabletreesat measurementtime and the calculated
basalareaof thesametrees10 yearsearlier. It wasdivided into componentsfor
pines, oaks, and non-oak hardwoods, and separateprediction models were
developedfor each speciescomponent. The same model form was fit to all
groups. The predictor variables screenedfor these models were: (1) initial
merchantablebasalareain thegiven speciesgroup, (2) thespeciesgroup’s basal
areaas aproportion(ratio) ofthetotal merchantablebasalarea,(3) the reciprocal
of standage,and (4) thecross-productsof (1), (2), and (3).

Cumulativeheight growth differenceswere examinednext. It has beenwidely
observedthat early height patternsfavor pine. The goal herewas to examine
cumulativeheight over a longertime period. Theseheightdatawereobtainedby
analyzingstemsof pairs of onedominantor codominantoak andone suchpine
locatednear (not in) eachpermanentplot. Thus, two height/agecurves were
plottedfor eachplot. Eachpotentialstemanalysistreewascoredprior to felling
to determineageand to seekevidenceof previoussuppressionof growth. Trees
with previoussuppressionwereexcluded. Substituteswereexaminedin thesame
way until a free-to-growtreewasfound. Finding suitabletreeswas notdifficult;
we rarelyhad to go beyondthefirst choice. The resultingcumulativeheight/age
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curveswereusedto examineheight-over-agepatterns.In orderto assesslong
patterns,thecumulativeheightdatasetwasscreenedto includeonly plotsin s
over 54 yearsold. Twentyplots (40 trees)met this criterion.
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Figure 1—An exampleof a typical cumulativeheight patternobservedin stem-a
pairs of oaks and pines locatednear each of 50 permanentgrowth and yield
naturallyregeneratedhardwoodandpine mixtures in the Piedmontphysiographic
Thesamplepinewasalwaysaloblolly, and theoakcould bea dominantor codomix
of good form from any of the oak speciesfound on thesesites.

The first step was to examinegraphsof theheight/agedatafor thepairs
andpineson eachplot. Figure 1 illustratesthepredominantpatternobset
all plots. Becausewe estimatedheight at the end of every growing se;
interpolation,it waseasyto computetheheightdifferencebetweenoaksax
over the life of the stand. Since pines where generally taller, we arm
subtractedoakheightfrom pineheight,and thenfit to eachofthe20 data
simple quadraticpolynomial expression

Hd=cO+clt+c2t
2 (1

where“8 is the differencein cumulativeheightbetweenthepine and 0;

eachage(t). We then usedthe estimatesof c
0, c1, and c2 and the cal

extremevaluesto estimatefor eachof the20 plots theageat which thedi
betweenpineandoakheightwas maximumandwhat themaximumdiffere
at that time in standlife.
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Sneciesaroun 15
Initial standage1
30 45 60

ft.2IacreIlO years
Pine 17.4 10.3 7.4 5.5
Oak 17.5 12.1 10.3 9.3
OtherhHardwood 4.5 3.5 3.4 3.6

Total 39.4 25.9 21.1 18.4
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Thefinal analyticalprocedurelooked at the averageshapeof theoak cumulative
height pattern. All height/agedatafor the20 sampledoakswerepooled into a
singledataset, and thenthemodel

(2)

was fit using nonlinearleastsquares. Thevariableh
0 is cumulativeoak height at

aget, anda andb arethemodel parametersto be estimated.

RESULTS The model usedto predict 10-yearpinebasalareagrowth (be) is
= g0 + g1B~ + g2P~+ g3B~/t (3)

where B~ is the initial basal areaof presentlysurviving pines as it occurred10
yearsprior to plot installation,P~ is theproportionof total initial merchantable
basalarea(B) representedby pines(that is, P~ = Be/B), and t is initial standage.
Therearesimilar modelsfor oaks(b0) andnon-oakhardwoods(bN), where

= g0 + g1B0 + g2P0 + g3B0/t (4)
and

bN = g0 + g1B~ + g2PN + g3BN/t. (5)

To further illustrate the definitions of the independentvariables, the following
relationshipshold acrossthethreemodels:

BP+BO+BN=B (6)
and

PP+Po+P~=1. (7)

The R
2 statisticsof fit for Equations(3), (4), and (5) aboveare 0.91, 0.75, and

0.77, respectively.R2 valuesof0.8 for regressionmodelsofperiodicgrowthare
consideredgood. Thecorrespondingestimatesofthemodel parameters(ge, g

1, g2,
g3) are (-3.079134, -0.21006, 32.38342, 6.670954) for pines, (1.879838,
-0.0051275, 8.509635, 5.819824) for oaks, and (0.4226926, 0.1848599,
-9.917444,2.909263)for non-oakhardwoods. Theseestimatedparameters‘were
usedin theappropriatemodel topredictcomponentsof 10-yeargrowthfor selected
valuesof initial standageslisted in table 1. It is not thegoal in tableI to predict
for theactualinitial standconditions,but rather,to comparerelativeoak andpine
growthperformance.For this reason,thesamesetofP-valueswas usedfor each
initial age,that is, P~, = 0.4, P0 0.4, and PN = 0.2.

Table1—Predictedperiodic(10 years)basalareagrowthofsurvivorsat four
agesinpine-hardwoodmixtureswhichhavemerchantablebazai~eazcomposed
of 40 percentpine, 40 percentoak, and20 percentotherhardwoods

‘Total merchantable basal area at the beginning ofeach period was 80 ft.’ at age 15, 90 ft.’ at
age30, 100 ft.’ at age45, and 110ft.’ at age 60.



Growing
season Pine Oak Hickory Blackgum

Other
hardwood

ft.
1988 1.0’ 3.5 1.7 2.8 4.0
1989 1.5 6.9 3.8 5.0 7.3
1990 3.3 8.9 5.2 5.9 9.1
1991 7.5 11.1 7.0 7.4 11.2
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Theseproportionsare all within the rangesobservedin the data. Fixing t
proportionspermits direct comparisonsbecausetheoak and pinepredictior
basalareagrowthcomefrom thesameinitial basalarea.

Table1 showsthat by age15, theoakswereproducingasmuchbasalareagri
as the pines for the same initial basal area. As the stands aged, the
increasinglyoutgrewthepines in basalareathrough age70. At that time,
weregrowing70 percentmoreper 10-yearperiodthanthepines. Thefootnot
table 1 explainshowthecorrespondingvaluesof initial basalareawerecalcul
For example,for stand age30, the observeddataaveragedabout 100 sq.
initial merchantablebasalarea(that is, B). SinceP~ and P0 areboth seteqi
0.4, theinitial basalareacomponentswere40 sq. ft. for both theoaksand j

Thus,table 1 showsthat for initial standage30, the40 sq. ft. of oak grew
sq. ft. of basalareain thenext 10 years(thatis, from age30 to age40),whi
40 sq. ft. of pinebasal areagrew 10.3 sq. ft. in the sameperiod. This gi
advantageoftheoaksincreasedwith increasinginitial standage.

Figure 1 illustrates how pines on thesePiedmont sites outgrow oaks.
Equation I, we found that the averagestand ageof maximumpine/oakI
differencewas 32 years,and theaverageheight differenceat that point wa~
ft., with a quartilerangeof 17 to 22 ft. However,by standage55, thea~
pine/oakcumulativeheight differencewas cut in half, to 9.6 ft. Thepatti
dramaticallyslowing pineheight growth after age30 and steadyoak heigh
generallyacrossplots. It should be kept in mind that our working definit
pine-hardwoodmixturesis notaclosedpineoverstorywith a hardwoodunder
We only work with standsin which thepinecomponentis sparseenoughto
somelight from abovefor thelargesthardwood,eventhoughtheyareshorte
thepines.

Visual examinationof thepooledoak height datasuggesteda steadygrow
throughstandage70. We examinedthis averagetrendby fitting Equation
thecumulativeheightdatafor the20 plots thatwere55+ yearsold. Theno~
leastsquaresestimatesof themodel parameterswere0.71 and 0.98 for a
respectively,and thevalueof e

5 was 2.03. Sinceb was nearly equalto
analysissuggestsarathersteady2 ft. of heightgrowthperyear. This avera~
ratewassuggestedindependentlyin anotherstudy (Geisingerand otherslS
pineandhardwoodregeneration.Table2 showsoakheight growthof3.5 a

Table2—Averageheightsof five speciesgroupsafter four growing seasonsf
thewinter-fell, no-bum treatmentof the pine-hardwoodregenerationstudy.

‘Average height of seedlingsplanted in the 1988-1989growing season.
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ft. peryearduringthe first two growingseasons,followed by a slowingto around
2 ft. per yearthe third and fourth growingseasons. Table2 also reinforcesthe
pine height growthpatternof lagging for around 3 years,and then dramatically
accelerating.In this case,thepinegrew4.2 ft. in thefourth growingseason.

CONCLUSIONS As statednumeroustimes in this symposium,gettingoakregenerationon xericto
intermediatesitesis not hardwhenoak rootstocksandadvancedreproductionare
presentin clearcutstands. Thedatare-emphasizethataftera growthlag, pineson
these sites clearly outgrow oaks early in stand development. However, a
longer-termlook atheight developmenttells adifferent story. It showshow pine
growthslowsdramaticallyafterage30, with oakrapidlycuttingtheheightdeficit.
Although wedo nothavebasalareagrowthdatafor veryyoungmixed stands,this
analysisshowsoakbasalareagrowthequalingthat ofpineby ageIS. From that
point,oakbasalareagrowthincreasinglysurpassesthepines,reachinga 70-percent
advantagebetweenages60 and 70.

Given the increasingly importantvaluesof oaksfor aestheticsand wildlife, the
increasingstumpagepricesfor high-quality oaks,and the growing marketsfor
low-gradeoaks,managersof relatively dry uplandPiedmontsites should takea
closelook atourresults. We knowthatoaksareecologicallysuitedfor thesesites
becausethey regenerateand live long lives there.Their growth performancein
relationto pinesis not impressiveearlyin life, but ourdataindicatethattheycatch
up later. Thus,theywould appearto be sensiblechoicesfor sawtimberrotations.
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